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1. Abstract
Due to stresses on the water supply in southern Nevada, which include an average
of three million tourists per month and an ongoing drought since the year 2000, water
conservation is imperative in order to sustain the growing urban area of Las Vegas. The
purpose of this study is to assess water use in fourteen casinos on and off the Las Vegas
Strip (the main boulevard of the largest casinos in Las Vegas) in order to suggest
approaches for water conservation, such as reducing, reusing, and modifying the current
system. Since data on water consumption is not publicly available, five major categories,
irrigation, public fixtures, fixtures inside hotel rooms, pools and evaporation) were
calculated to estimate each casino’s water consumption. Mapping software, Geographic
Information Systems (GIS), was used to calculate the surface area of the irrigated land
and the volume of pools and fountains around the casinos. For the fixtures outside and
inside the hotel rooms, Clark County Water Reclamation District’s (CCWRD) sewer
charges were used to estimate the water consumption. The Las Vegas casinos have some
water conservation strategies; however, they consume about 3 billion gallons per year,
54% of which is consumed inside the hotel rooms. Also, as more recent casinos were
built, it can be seen that the size of the hotel and the water consumption both decrease.
By creating water balances for the current system and different scenarios, water
conservations strategies can be implemented. If a grey water system and a complete
replacement of landscaping with xeriscaping were implemented in the hotels, a total
annual water savings of 554 million gallons for the casinos could be achieved. The
benefits of saving water include extending the community’s water resource’s lifetime,
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allowing SNWA to test grey water systems on a case study group (casinos), saves energy,
and allows for possible population expansion.

2. Introduction
Water resources are currently under great demand due to an increased global
population, decrease of usable water resources due to pollution, and the effects of climate
change. In fact, in 2011, about 750 billion people experienced water stress, a shortage or
deficiency of water resources (Qaiser et al., 2011). However by 2035, this number is
predicted to escalate to 3 billion people (Qaiser et al., 2011). Water is an essential
resource that is steadily decreasing as our dense, urban world grows.
Contamination and pollution of our current resources also decrease the amount of
available fresh water. Pollution can result from many different natural processes such as
rainwater runoff which can pick up toxic chemicals, trash, soil, and organisms that carry
diseases (nrdc.org, 2014). There are also manmade pollution sources such as discharges
from farms, industrial plants, and activities such as mining or fracking (nrdc.org, 2014).
Climate change is also decreasing the available water resources. Due to the
current rate of temperature increase, there are multiple droughts. In fact, the tendency of
more severe droughts emphasizes that climate change is real (Eggleton, 2013).
This pressing issue points to the need to evaluate current levels of water
consumption. Based on surveys of current water consumption, water conservation
strategies can be more effectively designed and implemented to mitigate the increasing
demand that is placed on our precious water supply.

2

Areas that experience a more magnified consequence of water stress are arid
regions of the world, such as the Southwestern United States. The major water resource
for this area is the Colorado River. Colorado, New Mexico, Utah, and Wyoming
constitute the upper basin of the Colorado River and Nevada, Arizona, and California are
the lower basin of the Colorado River (Venkatesan et al., 2011). The total basin is about
630,000 km2 of the United States and Mexico (Venkatesan et al., 2011). To allow the
many different states and Mexico to pump water from the Colorado River, the allocation
of water is prescribed “by the Colorado River Compact of 1922, the Boulder Canyon
Project Act of 1928, the Water Treaty of 1944, the Upper Colorado River Basin Compact
of 1948, and the United States Supreme Court” (Venkatesan et al., 2011). Specifically for
Southern Nevada, “a maximum of 370 million m3 of water can be drawn annually from
Lake Mead according to the Law of the River” (Venkatesan et al., 2011).
The southwestern states (Arizona, California, Nevada, and Utah) have been
experiencing a detrimental drought since 2000 which has resulted in a 7.3 trillion gallon
shortage of Colorado River reservoirs based on current needs (SNWA, 2013). One of
these reservoirs, Lake Mead, is the main water source for the Las Vegas Valley (LVV),
providing about “90% of its water supply” (SNWA, 2013). Also, the drastic population
increase in southern Nevada is compounding the water demands when the drought is
causing reduced water availability. In fact, urbanization created an exponential
population growth from 273,288 (1970) to 1,986,146 (2008)” (Venkatesan et al., 2011).
Therefore, conserving water is crucial for LVV’s future and for achieving a more
sustainable water supply.
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Not only is water conservation imperative to mitigate the conflict between water
availability and water demand, but it is also important to decrease southern Nevada’s
overall energy use. According to the EPA, energy is consumed in every step of the water
cycle: extracting and conveying, treatment, distribution, consumer use, and collection and
treatment of wastewater (EPA, 2012). Extracting and conveying water entails pumping
from wells, aquifers, rivers, or lakes which requires a large amount of energy. For
example, the State Water Project (SWP) in California transfers water over a total
elevation change of 2,000 feet. This process consumes about 5 million megawatt hours,
which is about 2 to 3 percent of California’s electricity consumption. Also, treating water
from the source requires pumping in addition to several other processes that consume
energy. Distributing water through the municipal system requires energy to pump to
homes, businesses and other consumers. Also, when these consumers use the water,
energy is utilized to “treat water with softeners or filters, to circulate and pressurize water
with circulation pumps and irrigation systems, and to heat and cool water.” (EPA, 2012).
Once the water has served its purpose, it is once again transferred and treated
which also consumes energy. Evidently, water and energy are directly dependent.
Therefore, if water consumption is reduced, linked energy use also decreases, which can
reduce the effects of greenhouse gases on humans and the environment.
Since hotels are perceived to be a large consumer of water, earlier studies have
examined water use in hotels. For example, a study by Bohdanowicz and Martinac
(2007) surveyed the resource consumption in 184 Hilton International and Scandic hotels
in Europe. The study’s goal was to determine the factors that could possibly affect
energy and water consumption. Factors studied included “age of the building, its
4

architecture, structural characteristics, size, systems and facilities installed, climate
conditions, as well as any alterations to the system (retrofits) performed” (Bohdanowicz
and Martinac, 2007). Bohdanowicz and Martinac looked at different types of hotels,
such as suburban, airport, highways and city center hotels (Bohdanowicz and Martinac,
2007).
The results were that “both energy and water consumption depend to a large
extent on the number of guest-nights sold” (Bohdanowicz and Martinac, 2007). While
this study produced an extensive amount of data on 184 hotels, it considered too many
variables. In Bohdanowicz and Martinac’s conclusions, it was stated that more research
was needed, “preferably, a consumption model for a group of hotels in one location”
(Bohdanowicz and Martinac, 2007).
In a different study, Taiwanese hotels were researched to identify the “energy
conservation and carbon reduction (ECCR) indicators” (Teng et al., 2012). It was found
“that more than 90% of tourism related carbon emissions arise from aviation, 3% from
surface transportation-based tourism, and 5% from hotel operations” (Teng et al., 2012).
Water use was identified as one of the contributing ECCR indicators that make up the 5%
from hotel operations. The study stated that “many hotels have reduced water
consumption by installing dual flush toilets, reusing linen and towels for extended stay
hotel guests, and using recycled waste water or rainwater for gardening and cleaning”
(Teng et al., 2012). However, the results showed that corporate management and
communications between the staff and guests are the “two most important criteria for all
ECCR criteria” (Teng et al., 2012). While this study relates that “people-rated” actions
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are more influential than changing an actual physical hotel operation, its focus was not on
water conservation strategies.
Another study completed in 2003 related hotel water use with the square footage
of the hotel. It also identified a relationship with the annual water use per room with the
number of guestrooms in the hotel (Deng, 2003). This project studied 36 hotels in Hong
Kong in order to determine a link between resource consumption and hotel background
or characteristics to explain energy and water use (Deng, 2003). The authors concluded
that “no clear consumption patterns and obvious underlying factors that may be used to
explain energy and water use can easily be identified” (Deng, 2003). A statistical analysis
of the data was performed and resulted in “the regression analysis where there are weak
correlations indicating further research work” (Deng, 2003).
A study of nine hotels in Sharm el Sheikh, Egypt estimated hotel water use by
dividing it into two categories: domestic water demand and irrigation water demand
(Lamei et al., 2009). In Sharm el Sheikh, the hotels are allocated a certain volume of
reused water. If they need more than their specified allocation, then they are forced to
buy “from water trucks at a higher price” (Lamei et al., 2009). The water balance of the
Sharm el Sheikh hotel was calculated in order to “optimize the contracted-for supply for
hotels” (Lamei et al., 2009). The study found that an “on-site wastewater treatment plant
can satisfy the required irrigation demand for an occupancy rate as low as 40%” if the
hotel had 40 m2 of green area per room or less (Lamei et al., 2009). Therefore, increasing
the green irrigated area would induce a need for more water consumption. While this
study optimized water conservation in order to avoid purchasing expensive water from
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trucks, it is not applicable to the water system in the Las Vegas Valley where water is not
restricted to the hotels.
A rainwater harvesting study was also completed to analyze the strategy of
recycling water in South African hotels (Wyngaard et al., 2013). The collection of
rainwater allowed the hotels “to irrigate their gardens during the warmer summer
months” and, “decreased the pressure on the available surface water in South Africa”
(Wyngaard et al., 2013). Although water reuse through rain water harvesting is a
sustainable strategy, the hotels in Las Vegas would not benefit much due to low annual
rainfall.
Nevertheless, the local economy of Southern Nevada depends to a large extent on
tourism. Indeed, there are about 3 million visitors per month in Las Vegas (Figure 1). In
2012, tourism supplied the valley with 382,800 jobs, which is about 47 percent of the
total workforce (Las Vegas Convention and Visitors Authority). Occupancy rates of the
hotel rooms are typically 70 to 90 percent (Figure 2). Figure 3 shows the ratio of this
large transient population compared to Clark County’s permanent population. Also,
Figure 4 displays the transient population compared to the combined total of transients
and permanent residents. From the graph, it can be seen that the monthly tourist
population is a large influx that is added to Las Vegas’s water consumption system. In
fact, the average tourist stays about 4.5 days and 3.5 nights (Las Vegas Convention and
Visitors Authority).
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Figure 1: Visitor Volume in Las Vegas (Las Vegas Convention and Visitors Authority).
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Figure 2: Occupancy Rates of Las Vegas Hotels (Las Vegas Convention and Visitors Authority).
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Figure 3: Transient Percentage of Total Population.
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Figure 4: Transient and Total Population.
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With this large transient population, conserving water in Las Vegas hotels is an
essential component of the strategy for saving water in the Las Vegas Valley.
Specifically in hotels, “water consumption per person staying in these establishments can
be as much as three times the average consumption of people living at home” (Barberan
et al., p. 181). In the tourist hotspot of Barbados, it was found that locals used 240 liters
of water per day compared to hotels which use an average of 756 liters per guest per
night (Charara et al., 2011). Table 1 lists an accepted benchmark based on the hotel size.
The water use rating is given in units of liters per guest per night (L/G-N).

Table 1 : Water Use Benchmarks in Liters per Guest per Night (L/G-N) (Charara et al., 2010)

However, some casinos have already recognized the need to conserve water and
have implemented strategies to decrease water use. For example, MGM addressed the
issue by “landscaping with drought-tolerant plants and installing water-saving, low-flow
plumbing fixtures” (Las Vegas Sun, 2010).
There is a need to assess the water use by category (plumbing, HVAC,
restaurants, fountains, pools, cleaning, water shows, etc.) in the casinos. Even though
these categories can be accounted for, there are some water use activities that aren’t
completed on the hotel’s property. The hotels’ laundry is typically washed offsite at
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industrial plants. Therefore, not all of the water used for the hotel industry is accounted
for.
Although many studies have examined and discussed water use in hotels, there
has not been research specifically aimed at local issues in Las Vegas.

3. Methodology
A list of casinos that were studied is shown in Table 2. Casinos were selected in
order to examine if their location (on or off the Strip, the main street that contains a
majority of the large casinos), age, and size of the casino has an effect on the water
consumption. The objective of this study was to assess current water use by components
(e.g. landscaping, showers, pools, etc.). Once this was calculated, a mass balance of the
current system was created. Finally, strategies for water reuse, conservation, and system
modifications were calculated.
Table 2: List of Casinos Studied and Their Attributes

Casino
Aria
Bellagio
Caesar's Palace
Flamingo
Green Valley Ranch
M Resort
Mandalay Bay
MGM Grand
Mirage
NYNY
Paris
Red Rock
South Point
Treasure Island

Year
Opened
2009
1998
1966
1946
2001
2009
1999
1993
1989
1997
1999
2006
2005
1993
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Off Strip / On
Strip
On
On
On
On
Off
Off
On
On
On
On
On
Off
Off
On

Number of
Rooms
4,004
3,953
2,587
3,268
498
400
4,393
5,005
3,054
2,035
2,946
830
1,357
2,900

3.1 Computation of Water Use
To compute the water use for the different components, it was necessary to know
the water demands of the irrigation (landscaping and xeriscaping), outside fixtures, hotel
rooms, pools, and decorative fountains. These water demands were calculated in gallons
per year (Equation 1).
Equation 1
𝑊𝑎𝑡𝑒𝑟 𝑈𝑠𝑒 �

𝑔𝑎𝑙
�
𝑦𝑒𝑎𝑟

= 𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 �

𝑔𝑎𝑙
𝑔𝑎𝑙
� + 𝐹𝑖𝑥𝑡𝑢𝑟𝑒𝑠 𝑜𝑢𝑡𝑠𝑖𝑑𝑒 ℎ𝑜𝑡𝑒𝑙 𝑟𝑜𝑜𝑚 �
�
𝑦𝑒𝑎𝑟
𝑦𝑒𝑎𝑟

𝑔𝑎𝑙
𝑔𝑎𝑙
� + 𝑃𝑜𝑜𝑙𝑠 𝑎𝑛𝑑 𝑑𝑒𝑐𝑜𝑟𝑎𝑡𝑖𝑣𝑒 𝑓𝑜𝑢𝑡𝑎𝑖𝑛𝑠 �
�
+ 𝐻𝑜𝑡𝑒𝑙 𝑅𝑜𝑜𝑚𝑠 �
𝑦𝑒𝑎𝑟
𝑦𝑒𝑎𝑟

In order to compare casinos water use on a daily basis per guest, the total water
use was converted to gallons per guest per day (Equation 2). From the “Las Vegas
Visitor Profile Study, 2012,” the average number of people in a hotel room is 2.4.
Equation 2

𝑔𝑎𝑙
𝑊𝑎𝑡𝑒𝑟 𝑈𝑠𝑒 �𝑦𝑒𝑎𝑟�
𝑔𝑎𝑙
𝑊𝑎𝑡𝑒𝑟 𝑈𝑠𝑒 �
�=
𝑔𝑢𝑒𝑠𝑡
𝑑𝑎𝑦
𝑔𝑢𝑒𝑠𝑡/𝑑𝑎𝑦
2.4 � 𝑟𝑜𝑜𝑚 � ∗ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑜𝑜𝑚𝑠(𝑟𝑜𝑜𝑚) ∗ 365 �𝑦𝑒𝑎𝑟�
3.1.1 Landscaping and Xeriscaping
The areas occupied by landscaping and xeriscaping on casino property were
estimated using Geographic Information Systems (GIS). Shapefiles in GIS were used to
calculate the total area of landscaping. A shapefile is a layer in GIS that contains and
displays different kinds of visual information. One shapefile that was used is one that
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displays a satellite image of the earth. This image was used as a base map. When the
image is zoomed in on Las Vegas, building, land types and other details are visible.
Then, another shapefile was created as a layer on top of the map. Polygons were drawn
over the areas of landscaping and xeriscaping for each casino. Figure 5 shows the NYNY
casino in GIS with polygons drawn over the landscaped and xeriscaped areas.

Figure 5: GIS Polygons for NYNY Casino Property

For each casino, the landscaped areas were grouped as a certain color and the
xeriscaped areas were a different color. If an area of land contained turf and/or trees that
are not native to Las Vegas, then it was classified as landscaping. However, if there was a
land with rockscaping and native plants, then it was classified as xeriscaping. Figure 6
shows an example of xeriscaping and how it can be just as aesthetic as landscaping.

13

Figure 6: Xeriscaping (green-living-made-easy.com)

Other features in GIS are attribute tables. An attribute table can display and
calculate different characteristics of the polygons in a shapefile. For this study, areas that
require irrigation were mapped. An attribute table was created that listed all of the
polygons, which casino it belonged to, if it was landscaped or xeriscaped, and their
calculated area in square feet.
The Southern Nevada Water Authority (SNWA) states that about 79 gallons of
water per square foot per year is used for landscaping (SNWA, 2013). About 54 gallons
of water per square foot per year is required for xeriscaping (Sovocool et al., 2006). The
following equation was used to determine the casinos water consumption for irrigation:
Equation 3 - Irrigation Water Consumption

𝐴𝑛𝑛𝑢𝑎𝑙 𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑊𝑎𝑡𝑒𝑟 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 �

𝑔𝑎𝑙�
𝑦𝑒𝑎𝑟�

𝑔𝑎𝑙
= 𝐴𝑟𝑒𝑎 (𝑓𝑡 2 ) ∗ 𝑇𝑦𝑝𝑒 𝑜𝑓 𝐿𝑎𝑛𝑑𝑠𝑐𝑎𝑝𝑒 � �𝑓𝑡 2 ∗ 𝑦𝑒𝑎𝑟�
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3.1.2

Fixtures Outside Hotel Rooms
Data on water consumption for specific casinos are not readily available.

Therefore, Clark County Water Reclamation District’s (CCWRD) charges for sewage
were used to calculate water consumption in hotels. For the Las Vegas Valley, the Blue
Diamond Area, and Moapa, there is a table called “Summary of Rates and Charges” that
describes each customer class (single family residence, mobile homes, theme parks, dry
cleaners, etc.), their respective charges in a unit called Water Reclamation District
Equivalent Residential Units (WRD ERUs), and billing unit (dollars). One WRD ERUs
equates to 90,000 gallons per year based on the assumption that a single family residence
will consume this amount of water annually. The three customer classes that are related
to this study are “Hotels/Motels Rooms Only,” “Hotels/Motels Fixtures Outside Rooms,”
and “Swimming pools (including non-residential spas, hot tubs, Jacuzzis and decorative
fountains).”
“Hotels/Motels Fixtures Outside Rooms” are charged 1.50 WRD ERUs by
fixture. This includes all the public toilets and sinks, restaurant sinks, and any other
fixture that is outside the hotel rooms.
In order to calculate the number of fixtures outside the hotel rooms, an estimate of
the number of people in the casino was made. Then, the “Southern Nevada Amendments
to the 2012 International Building Code” was used to determine the number of facilities
(toilets and sinks) needed for the gaming area. The gaming area of each casino was
found on its website. The ratio of water closets (toilets) and lavatories (sinks) for males
and females as determined by the code is shown in Table 3.
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Table 3: Casino Architectural Standards for Water Fixtures
(Southern Nevada Amendments to the 2012 International Building Code)

Water Closets
Male
Female
1 per 500

Lavatories
Male
Female

Drinking
Fountains

1 per 750

1 per 1,000

Using the standards listed in Table 3, Equation 4, Equation 5, and Equation 6, the
number of water closets and lavatories were calculated.
Equation 4 – Number of Water Closets per Casino

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 𝐶𝑙𝑜𝑠𝑒𝑡𝑠 =

𝐺𝑎𝑚𝑖𝑛𝑔 𝐴𝑟𝑒𝑎 (𝑓𝑡 2 )

500 �

𝑓𝑡 2�
𝑤𝑎𝑡𝑒𝑟 𝑐𝑙𝑜𝑠𝑒𝑡𝑠�

Equation 5 – Number of Lavatories per Casino

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝑎𝑣𝑎𝑡𝑜𝑟𝑖𝑒𝑠 𝑝𝑒𝑟 𝐶𝑎𝑠𝑖𝑛𝑜 =

𝐺𝑎𝑚𝑖𝑛𝑔 𝐴𝑟𝑒𝑎 (𝑓𝑡 2 )

750 �

𝑓𝑡 2�
𝑙𝑎𝑣𝑎𝑡𝑜𝑟𝑖𝑒𝑠�

Equation 6 – Number of Drinking Fountains per Casino

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐷𝑟𝑖𝑛𝑘𝑖𝑛𝑔 𝐹𝑜𝑢𝑛𝑡𝑎𝑖𝑛𝑠 𝑝𝑒𝑟 𝐶𝑎𝑠𝑖𝑛𝑜 =

𝐺𝑎𝑚𝑖𝑛𝑔 𝐴𝑟𝑒𝑎 (𝑓𝑡 2 )

𝑓𝑡 2
750 � �𝑑𝑟𝑖𝑛𝑘𝑖𝑛𝑔 𝑓𝑜𝑢𝑛𝑡𝑎𝑖𝑛𝑠�

Equation 7 shows how the annual water use was calculated for fixtures outside of
the hotel rooms.
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Equation 7 – Annual Water Use for Fixtures Outside of the Hotel Rooms

𝐹𝑖𝑥𝑡𝑢𝑟𝑒𝑠 𝑊𝑎𝑡𝑒𝑟 𝑈𝑠𝑒 �

𝑔𝑎𝑙�
𝑦𝑒𝑎𝑟�

= 𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐹𝑖𝑥𝑡𝑢𝑟𝑒𝑠 (𝑓𝑖𝑥𝑡𝑢𝑟𝑒𝑠) ∗ 1.5 �𝐸𝑅𝑈𝑠�𝑓𝑖𝑥𝑡𝑢𝑟𝑒�
𝑔𝑎𝑙
𝑦𝑒𝑎𝑟�
∗ 90,000 �
𝐸𝑅𝑈𝑠�

3.1.3

Hotel Rooms
Wastewater volume was estimated based on the hotel’s number of units (hotel

rooms). Clark County’s OpenWeb (http://gisgate.co.clark.nv.us/openweb/) allows the
public to search how many rooms are in each casino. The charge for the “Hotels/Motels
Rooms Only” customer class is charged 0.60 WRD ERUs per unit. Therefore, despite
the hotel room size and how many bathrooms there are, the hotel will always be charged
0.60 WRD ERUs per room. Also, the average occupancy rate of Las Vegas hotels from
January 2008 until December 2013 is 81% (Las Vegas Convention and Visitors
Authority). Equation 8 shows how the annual hotel room water use was calculated.
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Equation 8 – Annual Water Use for Hotel Rooms

𝐻𝑜𝑡𝑒𝑙 𝑅𝑜𝑜𝑚 𝑊𝑎𝑡𝑒𝑟 𝑈𝑠𝑒 �

𝑔𝑎𝑙�
𝑦𝑒𝑎𝑟�

= 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑜𝑜𝑚𝑠 (𝑟𝑜𝑜𝑚) ∗ 0.6 �𝐸𝑅𝑈𝑠�𝑟𝑜𝑜𝑚�
𝑔𝑎𝑙
𝑦𝑒𝑎𝑟�
∗ 90,000 �
𝐸𝑅𝑈𝑠� ∗ 𝑂𝑐𝑐𝑢𝑝𝑎𝑛𝑐𝑦 𝑅𝑎𝑡𝑒(%)

3.1.4

Pool Water Use
For swimming pools, the charges are broken down into two categories: 20,000

gallons or less pools and 20,001 gallons or more pools. For the smaller sized pools, they
are charged a flat rate of 0.10 WRD ERUs. However, the larger pools are charged using
Equation 9 below. The annual water use component is the volume of water in the pool.
Equation 9 – Number of ERUs for Pools Larger Than 20,001 Gallons
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑅𝑈𝑠 =

𝑃𝑜𝑜𝑙 𝑉𝑜𝑙𝑢𝑚𝑒 ∗ 0.45
90,000 𝑔𝑎𝑙𝑙𝑜𝑛𝑠

In order to use Equation 9 to estimate the water used by pools, the volume of all
the pools and decorative fountains needed. Using GIS, the area of pool surfaces was
determined by drawing polygons. This area was then converted to the volume of the pool
(gallons) using Equation 10 shown below. Also, the average depth of the pools was
assumed to be 5.5 feet. This depth assumption originates from taking the average of the
typical shallow end of the pool being about three feet and the deeper end being about
eight feet. To convert from cubic feet to gallons, a factor of 7.48 must be multiplied.
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Equation 10 – Volume of Pool
𝑔𝑎𝑙
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑃𝑜𝑜𝑙 (𝑔𝑎𝑙) = 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑃𝑜𝑜𝑙 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 (𝑓𝑡 2 ) ∗ 5.5 (𝑓𝑡) ∗ 7.48 � �𝑓𝑡 3 �
Once the volume of the pool and the number of WRD ERUs was calculated for
each pool in each casino, the water use in gallons per year was calculated by Equation 11
below.
Equation 11 – Annual Water Use per Pool
𝑃𝑜𝑜𝑙 𝑊𝑎𝑡𝑒𝑟 𝑈𝑠𝑒 �

𝑔𝑎𝑙�
𝑔𝑎𝑙/𝑦𝑒𝑎𝑟�
𝑦𝑒𝑎𝑟� = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑅𝑈𝑠 ∗ 90,000 �
𝐸𝑅𝑈𝑠�

Furthermore, because Las Vegas is in a desert climate, temperatures can reach
above 100°F on a typical summer day. This causes a significant of amount of

evaporation in outdoor pools, water that is lost to the environment and cannot be returned
or reused. In fact, SNWA states that, on average, for each square foot of pool surface
area, 1.92 inches evaporates per week (or 8.32 feet per year). Equation 12 was used to
calculate the volume of water that evaporates from pools in Las Vegas.
Equation 12 – Annual Evaporated Pool Water Volume
𝐸𝑣𝑎𝑝𝑜𝑟𝑡𝑎𝑡𝑒𝑑 𝑃𝑜𝑜𝑙 𝑊𝑎𝑡𝑒𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 �
= 8.32 �

𝑔𝑎𝑙�
𝑦𝑒𝑎𝑟�

𝑓𝑡
𝑔𝑎𝑙
� ∗ 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 (𝑓𝑡 2 ) ∗ 7.48 � �𝑓𝑡 3 �
𝑦𝑒𝑎𝑟
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3.2

Mass Balance
In order to know where water can be saved or reused, a water mass balance must

be created. A water mass balance accounts for all the water in a system, what is
withdrawn, consumed, and returned. In the case of the Las Vegas casinos, water is
consumed from Lake Mead. It is certain that the water used for irrigation, both
landscaping and xeriscaping, and evaporation of pool water, is lost to the environment
and is not returned to Lake Mead.
The water that is used indoors is not all completely returned to the sewer. Some of
the water consumed will stay inside the people, and this amount is about 10% of the
consumed water (Tchobanoglous et al., 2002). Therefore, the water returned to the sewer
is 90% of the water used indoors. Figure 7 shows an example of the water balance for
Las Vegas casinos.

Figure 7: Water Mass Balance Example for Las Vegas Casinos
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3.3

Water Balance Scenarios
Using the water mass balance explained in Section 3.2, there are strategies that

can be implemented in order to decrease the water demand. This study will analyze two
different water balance scenarios: grey water reuse and irrigation water conservation.
These are explained in the following Sections 3.3.1 and 3.3.2.

3.3.1

Grey Water Reuse
A portion of the water being sent to the sewer can be reused. Instead of taking

fresh Lake Mead water to irrigate the landscaping and xeriscaping, casinos can reuse a
portion of the water discharged from the hotel rooms. The water from hotel rooms that is
discharged from sinks and showers is called grey water and is sanitary enough to use for
irrigation.

3.3.2

Irrigation Water Conservation
There are three places where water is lost in the mass balance, through

accumulation in people, evaporation, and through irrigation. Since reducing the amount
of water people withhold and recapturing evaporation is impossible, the focus of this
study was on conserving water used for irrigation. As explained before, landscape uses
79 gallons per square foot per year while xeriscape only uses 54 gallons per square foot
per year. From the polygons drawn in GIS, the square footage of landscaped area around
the casinos studied was multiplied by the 54 gallons per square foot per year to get the
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new water consumption. Then, the mass balance was modified again to reflect these
changes.

4.

Results

4.1

Results of Water Consumption
The total calculated water usage for all casinos is about 3 billion gallons per year.

The annual allocated amount for Nevada is 300,000 acre-feet of the Colorado River
(SNWA, 2013). The 3 billion gallons per year is about 3.1% of this total allocation.
Table 4 and Figure 8 display the summary of results of the total water use of each casino.
The highest consumer is MGM Grand at 386 million gallons per year, and the lowest is
South Point at 114 million gallons per year. Table 5 shows the percentages of the casinos
water usage in each category. Table 6 shows each casino’s percentages of water use.
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Table 4: Total Annual Water Use for Each Casino

Casino

Landscape

Aria
Bellagio
Caesar's Palace
Flamingo
Green Valley Ranch
M Resort
Mandalay Bay
MGM Grand
Mirage
NYNY
Paris
Red Rock
South Point
Treasure Island
Total

Xeriscape

Water Use (gal/year)
Hotel Rooms
Fixtures

Total

11,749,115
0
175,134,960
87,750,000
394,652
275,028,727
39,333,026
0
172,904,220
67,860,000 11,401,184 291,498,430
16,963,779
5,240,117
113,155,380
97,110,000
660,324
233,129,600
32,406,702
0
142,942,320
45,045,000
329,841
220,723,863
58,800,712
3,652,724
21,782,520
29,250,000
218,695
113,704,651
15,012,189 49,125,943
17,496,000
53,820,000
404,562
135,858,694
18,424,122 18,424,122
192,149,820
78,975,000 2,188,989
310,162,052
46,234,687 18,424,122
218,918,700 100,327,500 2,188,989
386,093,997
66,882,659
0
133,581,960
58,500,000 3,136,857
262,101,476
9,899,166
0
89,010,900
49,140,000
919,004
148,969,070
5,469,033
0
128,858,040
49,725,000
308,268
184,360,340
51,038,534
7,546,270
36,304,200
50,895,000
729,246
146,513,250
3,455,842
9,475,118
59,355,180
46,800,000
215,904
119,302,043
16,151,105
0
126,846,000
55,575,000
729,246
199,301,352
391,820,670 111,888,415 1,628,440,200 870,772,500 23,825,760 3,026,747,545

Total Annual Water Use
Water Use (gal/year)

Pools

450,000,000
400,000,000
350,000,000
300,000,000
250,000,000
200,000,000
150,000,000
100,000,000
50,000,000
-

Figure 8: Total Annual Water Use in Gallons per Year for Each Casino
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Table 5: Usage by Category as a Percentage of Overall Hotel Water Usage

Casino
Aria
Bellagio
Caesar's Palace
Flamingo
Green Valley Ranch
M Resort
Mandalay Bay
MGM Grand
Mirage
NYNY
Paris
Red Rock
South Point
Treasure Island
Total

Landscape Xeriscape
3%
0%
10%
0%
4%
5%
8%
0%
15%
3%
4%
44%
5%
16%
12%
16%
17%
0%
3%
0%
1%
0%
13%
7%
1%
8%
4%
0%
13%
4%

Hotel
Rooms
11%
11%
7%
9%
1%
1%
12%
13%
8%
5%
8%
2%
4%
8%
54%

Fixtures
10%
8%
11%
5%
3%
6%
9%
12%
7%
6%
6%
6%
5%
6%
29%

Pools
2%
48%
3%
1%
1%
2%
9%
9%
13%
4%
1%
3%
1%
3%
1%

Hotel
Rooms

Fixtures

Pools

Table 6: Usage by Category for Each Casino

Casino

Landscape Xeriscape

Aria

4%

0%

64%

32%

0.1%

Bellagio

13%

0%

59%

23%

4%

Caesar's Palace

7%

2%

49%

42%

0.3%

Flamingo

15%

0%

65%

20%

0.1%

Green Valley Ranch

52%

3%

19%

26%

0.2%

M Resort

11%

36%

13%

40%

0.3%

Mandalay Bay

6%

6%

62%

25%

1%

MGM Grand

12%

5%

57%

26%

1%

Mirage

26%

0%

51%

22%

1%

NYNY

7%

0%

60%

33%

1%

Paris

3%

0%

70%

27%

0.2%

Red Rock

35%

5%

25%

35%

0.5%

South Point

3%

8%

50%

39%

0.2%

Treasure Island

8%

0%

64%

28%

0.4%
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The majority of the water, about 54%, is used inside the hotel rooms. The next
highest is fixtures outside the hotel rooms at 29%, then landscaping at 13% and
xeriscaping at only 4%. Pools are only 1% of the total water consumed. Figure 9 shows
the results of the Las Vegas casinos’ total water use broken down by category.

Water Use (gal/year)
Pools, 1%

Landscape, 13%

Fixtures, 29%

Xeriscape, 4%

Hotel Rooms,
54%

Figure 9: Water Use Percentages by Category

Table 7 shows water use in gallons per guest per day for each of the studied
casinos. The highest user of water is M Resort at 388 gallons per guest per day, and the
lowest is Paris at only 71 gallons per guest per day.
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Table 7: Water Use in Gallons Per Person Per Day

Casino
Aria
Bellagio
Caesar's Palace
Flamingo
Green Valley
Ranch
M Resort
Mandalay Bay
MGM Grand
Mirage
NYNY
Paris
Red Rock
South Point
Treasure Island

Water Use (Gal per
guest per day)
78
84
103
77
261
388
81
88
98
84
71
202
100
78

The results for each of the different components are explained in the following
sections.

4.1.1

Landscaping and Xeriscaping
The total outdoor water use for irrigation at the casinos is about 504 million

gallons per year. For landscaping, it is about 392 million gallons per year for 5 million
square feet of landscape while xeriscaping only uses 112 million gallons per year 2.1
million square feet of xeriscape. Table 8 summarizes the results from drawing polygons
in GIS and calculating the water use for landscaping and xeriscaping for each casino. It
should be noted that many casinos do not use xeriscaping; they use only non-native plants
and turf. In those cases, zero water use is indicated under xeriscaping.
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Table 8: Results of Landscaping and Xeriscaping

Casino
Aria
Bellagio
Caesar's Palace
Flamingo
Green Valley Ranch
M Resort
Mandalay Bay
MGM Grand
Mirage
NYNY
Paris
Red Rock
South Point
Treasure Island
Total

Water Use (gal/y)
Landscape
Xeriscaping
Total
11,749,115
0
11,749,115
39,333,026
0
39,333,026
16,963,779
5,240,117
22,203,896
32,406,702
0
32,406,702
58,800,712
3,652,724
62,453,436
15,012,189
49,125,943
64,138,132
18,424,122
18,424,122
36,848,244
46,234,687
18,424,122
64,658,809
66,882,659
0
66,882,659
9,899,166
0
9,899,166
5,469,033
0
5,469,033
51,038,534
7,546,270
58,584,804
3,455,842
9,475,118
12,930,959
16,151,105
0
16,151,105
391,820,670
111,888,415
503,709,085

Figure 10 compares landscaping and xeriscaping for each casino studied. The
Mirage consumes the highest amount for landscaping at 67 million gallons per year. The
M Resort uses the most xeriscaping at 49 million gallons per year. Many casinos, Aria,
Bellagio, Flamingo, Mirage, New York New York, Paris and Treasure Island, do not
have any xeriscaping.
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Water Use (gal/year)

Irrigation Water Use for Casinos
80,000,000
70,000,000
60,000,000
50,000,000
40,000,000
30,000,000
20,000,000
10,000,000
-

Landscape

Xeriscape

Figure 10: Irrigation Water Use by Casino
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4.1.2

Number of Fixtures Outside Hotel Rooms
The annual water use for the fixtures outside of hotel rooms is about 871 million gallons. Table 9 summarizes the results for

the number of fixtures in each casino and the resulting annual water use. Water use for fixtures outside hotel rooms is shown in Figure
11.
Table 9: Number of Fixtures Results (1.5 ERUs)

Casino

Gaming
Area (ft2)

Male & Female
Water Closets

Male & Female
Lavatories

Drinking
Fountains

Aria
Bellagio
Caesar's Palace
Flamingo
Green Valley Ranch
M Resort
Mandalay Bay
MGM Grand
Mirage
New York New York
Paris
Red Rock
South Point
Treasure Island
Total

150,000
116,000
166,000
77,000
50,000
92,000
135,000
171,500
100,000
84,000
85,000
87,000
80,000
95,000
1,488,500

300
232
332
154
100
184
270
343
200
168
170
174
160
190
2,977

200
155
221
103
67
123
180
229
133
112
113
116
107
127
1,985

150
116
166
77
50
92
135
172
100
84
85
87
80
95
1,489

Total
Water
Fixtures
650
503
719
334
217
399
585
743
433
364
368
377
347
412
6,450

WRD
ERUS

Water Use
(gal/y)

975
754
1,079
501
325
598
878
1,115
650
546
553
566
520
618
9,675

87,750,000
67,860,000
97,110,000
45,045,000
29,250,000
53,820,000
78,975,000
100,327,500
58,500,000
49,140,000
49,725,000
50,895,000
46,800,000
55,575,000
870,772,500

Water Use (gal/year)

Fixtures
120,000,000
100,000,000
80,000,000
60,000,000
40,000,000
20,000,000
0

Figure 11: Fixtures Water Use by Casino

4.1.3

Number of Hotel Rooms
The total annual water use in the hotel rooms is about 1.6 billion gallons. The hotel room

water use of each casino was calculated and is listed in Table 10. MGM Grand consumes the
most, 219 million gallons per year, as it has the highest number of hotel rooms. Figure 12
compares the hotel room water use for each casino.

Table 10: Number of Rooms for Each Casino (0.6 ERUs)

Casino
Aria
Bellagio
Caesar's Palace
Flamingo
Green Valley Ranch
M Resort
Mandalay Bay
MGM Grand
Mirage
New York New York
Paris
Red Rock
South Point
Treasure Island
Total

Number of Rooms
4,004
3,953
2,587
3,268
498
400
4,393
5,005
3,054
2,035
2,946
830
1,357
2,900
37,230

WRD ERUS
2,402
2,372
1,552
1,961
299
240
2,636
3,003
1,832
1,221
1,768
498
814
1,740
22,338

Hotel Rooms
Water Use (gal/year)

250,000,000
200,000,000
150,000,000
100,000,000
50,000,000
0

Figure 12: Hotel Room Water Use by Casino
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Water Use (gal/y)
175,134,960
172,904,220
113,155,380
142,942,320
21,782,520
17,496,000
192,149,820
218,918,700
133,581,960
89,010,900
128,858,040
36,304,200
59,355,180
126,846,000
1,628,440,200

4.1.4

Pool Water Use
The results for the pool water use for each casino are listed in Table 11. Bellagio uses the

highest amount, 11 million gallons per year. This number includes the Bellagio fountains. Figure
13 shows the pool and decorative fountain water consumption. Also, the total water evaporated
from the pools is 75,289,692 gallons per year, this amount is not recoverable.
Table 11: Water Used by Pools
(Pools <20,000 gal, ERUs=0.1; Pools >20,000 gal, ERUs is based off of Equation 10)

Casino
Aria
Bellagio
Caesar's Palace
Flamingo
Green Valley Ranch
M Resort
Mandalay Bay
MGM Grand
Mirage
NYNY
Paris
Red Rock
South Point
Treasure Island
Total

Pool Water Use (gal/y)
394,652
11,401,184
660,324
329,841
218,695
404,562
2,188,989
2,188,989
3,136,857
919,004
308,268
729,246
215,904
729,246
23,825,760
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Water Use (gal/year)

Pool Water Use by Casino
12,000,000
10,000,000
8,000,000
6,000,000
4,000,000
2,000,000
-

Figure 13: Pool Water Use by Casino

4.1.5

Total Water Use
Table 12 lists relative facts about the age, size, and locations for the casinos. Figure 14

shows the timeline of when each casino opened, the size of the casino, and its water use. The
trend shows that as more awareness and restrictions on water demands grew with time, the lower
water demands are and smaller casino sizes were built.
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Table 12: Casino Facts

Casino
Flamingo
Caesar's Palace
Mirage
MGM Grand
Treasure Island
NYNY
Bellagio
Mandalay Bay
Paris
Green Valley
Ranch
South Point
Red Rock
Aria
M Resort

Water Usage
(*10^5
gal/year)

Year Opened

Off Strip / On
Strip

Number of
Rooms

2,750.29
2,915
2,331
2,207
1,137
1,359
3,102
3,861
2,621

1946
1966
1989
1993
1993
1997
1998
1999
1999

On
On
On
On
On
On
On
On
On

3,268
2,587
3,054
5,005
2,900
2,035
3,953
4,393
2,946

1,490

2001

Off

498

1,844
1,465
1,193
1,993

2005
2006
2009
2009

Off
Off
On
Off

1,357
830
4,004
400

Water Usage (Million gal/year)

Las Vegas Casinos by Opening Year
5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000
500
-

Water Usage (Million gal/year)

Number of Rooms

Linear (Water Usage (Million gal/year))

Linear (Number of Rooms)

Figure 14: Las Vegas Casinos by Opening Year

34

4.2

Mass Balance Results
Table 13 shows the values calculated for the current mass balance of the Las Vegas

Casinos.
Table 13: Current Water Mass Balance for Las Vegas Casinos

Mass Balance
Total Water Taken from Lake Mead
Water Lost to Irrigation
Water Used Indoors & Pools
Water Lost to People
Water Lost to Evaporation
Water Returned to Lake Mead

Water (gal/year)
3,026,747,545
(503,709,085)
(2,523,038,460)
(252,303,846)
(75,289,693)
2,270,734,614

4.3 Grey Water Reuse Results
The results of modifying the current mass balance with a grey water system are shown in
Table 14. If the 504 million gallons per year demand for irrigation is taken from the 1.8 billion
gallons that is discharged from the casinos, then the new amount returned to Lake Mead is 1.9
billion gallons per year. Therefore, there would be a savings of 428 million gallons per year, and
the new annual amount consumed from Lake Mead would be only 2.5 billion gallons rather than
3 billion gallons. Saving 428 million gallons every year for about five years would be enough to
supply the total annual casino water demand.
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Table 14: Grey Water Mass Balance for Las Vegas Casinos

Mass Balance
Total Water Taken from Lake Mead
Water Lost to Irrigation
Water Used Indoors & Pools
Water Lost to People
Water Lost to Evaporation
Water Returned to Lake Mead
New Amount Taken from Lake Mead
Amount of Water Saved

Water (gal/year)
3,026,747,545
(503,709,085)
(2,523,038,460)
(252,303,846)
(75,289,693)
1,767,025,529
2,523,038,459
428,419,392

4.4 Irrigation Water Conservation
If all landscaping was converted to xeriscaping, it would only use an annual amount of
268 million gallons instead of the 392 million gallons currently used. If we add the newly
converted area’s usage to the original amount of water used for xeriscaping, it will yield a new
irrigation total of 379 million gallons per year. This saves 126 million gallons per year (Table
15).
This amount of water will ultimately be conserved if all the plants are native. In order to
conserve the most water, reducing should come before reusing. Saving 554 million gallons every
year for about 3.5 years would be enough to supply the current total annual water demand.
Table 15: Grey Water & Xeriscape Mass Balance for Las Vegas Casinos

Mass Balance
Total Water Taken from Lake Mead
Water Lost to Irrigation
Water Used Indoors & Pools
Water Lost to People
Water Lost to Evaporation
Water Returned to Lake Mead
New Amount Taken from Lake Mead
Amount of Water Saved
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Water (gal/year)
3,026,747,545
(379,000,000)
(2,523,038,460)
(252,303,846)
(75,289,693)
1,891,734,614
2,523,038,459
553,128,477

4.5 Summary of Mass Balance Results
Figure 15 displays the current water mass balance for the Las Vegas casinos. Figure 16
shows the grey water mass balance explained in the previous pages. Figure 17 displays the new
water mass balance with the grey water system and the newly converted xeriscaped area which
saves about 554 million gallons per year.

Figure 15: Water Mass Balance for Las Vegas Casinos
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Figure 16: Grey Water Mass Balance for Las Vegas Casinos

Figure 17: Grey Water and Xeriscaping Mass Balance
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5. Discussion
The results of this study show that there are many opportunities to reuse water, conserve
water, and modify the current system in order to decrease the annual 3 billion gallon demand on
Lake Mead. The three main suggestions to reduce this annual demand are to reuse a portion of
the water that is currently being returned to Lake Mead, convert landscaping to xeriscaping, and
optimize the fixtures in the hotel rooms.
The two main stakeholders in this study would be the casinos themselves and SNWA.
Retrofitting the plumbing to include a grey water system, converting all of the present landscape
to xeriscape, and adding higher efficiency water fixtures in hotel rooms may seem expensive at
first for the casinos. However, in the future if there is not enough water stored in Lake Mead, a
similar system to Sharm el Sheikh, Egypt may occur. Lamei’s study on Sharm el Sheikh (2009)
examines the water system that trucks of water shipped to the hotels. This is an extremely
expensive alternative that may become a reality to the Las Vegas casinos as well. Investing in
water conservation and reuse strategies now may mean a cheaper and sustainable future. The
retrofits may take some time to implement as well, but saving 554 million gallons every year for
5 years would be enough to supply the total annual water demand. In other words, every 100
years it would extend our water resources for about 21 more years.
SNWA highly encourages its consumers to participate in increasing “return flow credits.”
Return flow credits “means that Southern Nevada can actually use more water than its allocation
of Colorado River water, as long as we return water back to the river” (snwa.com, 2013).
Therefore, grey water systems are typically not encouraged as the water would not be returned to
the sewer and would not count for return flow credits. However, by looking at Figure 16, if grey
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water and only xeriscaping was used, only 2.6 billion gallons per year are withdrawn instead of
the current 3 billion gallons per year. Therefore, the return credits are not being earned, but at the
same time less water (and energy) is being consumed. Freshly treated water should not be
wasted if we can reuse the already utilized water.
SNWA could use the casinos as a small case study for incorporating grey water. That
way, SNWA can see the results on a smaller scale instead of allowing all residential and typical
businesses in the Valley to have grey water systems. Not only does this allow a more controlled
trial, the water that is conserved will also save energy. As discussed in the Introduction, water
transportation and treatment is very energy intensive, therefore any savings on water will also be
energy saving. This can also decrease the amount of greenhouse gases that are intensifying
current global warming conditions.
Because 54% of water that is consumed is in the hotel rooms, it is imperative that water
saving strategies are used in the hotel rooms. These strategies include: low flow shower and
faucet fixtures, low flush toilets, and allowing hotel guests the choice of not having their towels
and sheets washed every day. Casinos that advertise their water saving practices through their
website are listed in Table 16.
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Table 16: Current Water Conservation Practices

Casinos With Water Conservation
Mandalay Bay
New York New York
MGM Grand
Aria
Bellagio
Caesar's Palace
Mirage
Paris
Flamingo

Casinos Without Water Conservation
Green Valley Ranch
Flamingo
Treasure Island
M Resort
Red Rock
South Point

Caesar’s Entertainment (includes Caesar’s Palace, Paris, and Flamingo) publishes a
report listing future sustainability goals and their progress towards these goals (Table 17).
Casinos in Las Vegas should follow Caesar’s Entertainment’s example and create goals for not
only water conservation but energy and greenhouse gas emissions as well.
Table 17: Caesar's Entertainment Sustainability Goals (2012 CSR and Sustainability Report)
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6. Conclusions
The Las Vegas casinos have some water conservation strategies; however, they consume
about 3 billion gallons per year. If a grey water system and a total xeriscaping replacement were
implemented in the hotels that were studied, a total annual water savings of 554 million gallons
could be achieved. Also, if hotels upgrade hotel room fixtures and create a sustainability plan,
even more water savings could be reached. In order to ensure a sustainable water supply, the Las
Vegas casinos need to continue their improvements to their current system.
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